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Art. XV.— Variation of Wind with Height at Melbourne

when Geostrophic Winds are Northerly.

By H. M. TRELOAR, B.Sc.

[Read 9th December, 1926.]

The geostrophic wind is an ideal wind blowing along the isobars

with, in the Southern hemisphere, low pressure on its right. Its

velocity G is defined by the equation

—

2o>sin^).G=- .A
p an

where <£ is the latitude,

p is the density of air,

to is the angular velocity of rotation of the earth,

^ is the pressure change per unit distance normal to the

isobars.

It has been shown that in other parts of the world the surface

geostrophic wind is usually a good approximation to the actual

wind at a height varying from about 1500 ft. to 3000 ft. The
equation shows that the surface geostrophic wind can be com-
puted from the surface isobars. Using data for 1922. G was cal-

culated for Melbourne when the geostrophic wind direction was
between N.22^°E. and N.22^°W., only those days being used for

which a good determination of the pressure gradient could be

made, and for which pilot balloon observations of the wind up to

at least a kilometre were available. The accuracy of the wind
determinations in the first half kilometre is high since distances

are determined directly by rangefinder, thus avoiding the assump-

tion of a uniform rate of ascent of the balloon. Both the 9 hour

and 15 hour daily pressure charts were utilised, but the 9 hour

determinations were by far the more numerous. The interval of

time separating pressure and wind observations amounted to only

half an hour.

The investigations of this paper are confined to geostrophic

winds of less than 13 metres per second. Since two-thirds of the

values lie between 7*4 and 10-5 metres per second the conditions

are fairly homogeneous. For higher velocities the conditions are

more complex and their investigation has not been completed.

Means of the actual and geostrophic winds are exhibited in Table

1. and Figure 1. This paper is concerned with the explanation of

the average actual wind distribution from near the surface up to

about 1000 metres in .terms of the eddy diffusivity and geostrophic

wind.
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Table I.

Height above
Theodolite

Variation of Wind with Height

Observed Computed

V 0 V 0

m m/s 0 m/s 0

50 55 18*6 5*6 18*5

150 7'3 16*2 7*2 16*6

300 8*8 11*0 8*6 11*3

450 9*3 7*0 9*2 6*5

750 9*7 2*2 9*3 0.9

1000 90 - 7 9*1 -0*4

1300 10*0 -17
1500 94 -21
2000 10*4 -26

Mean Geostrophic
ft .Q w ,a 0 is the deviation of the wind from the
~ m e.

Fig. 1.—Variation of Wind with Height.

Air in uniform horizontal motion is under balanced forces due

to gravity, pressure, friction and the earth’s rotation. The equa-

tions of motion (1) referred to rectangular axes rotating with

the earth are:

—

—Ko—U= sin
<f>

dz2
B

- 2wu/> sin<£-|-2<oGp si n</> C
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The motion at any height z is indicated in Figure 2, where OX-
is parallel to the surface geostrophic wind and OY is in the direc-
tion of decreasing pressure. The angle GOE is the angle between
the actual wind and the geostrophic wind. The component wind
velocities u and v are along OX, OY respectively.

Brunt simplified the treatment of the equations* by using a vec-
torial notation, representing the horizontal velocity by W whereW—u+iv.
Then regarding K and G as constants the solution, after

neglecting that part which leads to an indefinite increase of
velocity with height, is given by him (2) as

W—G=0~a+ ‘> llz+ iy ..... D
where C and y are real constants to be determined from boun-
dary conditions and B 2— cusin^/K.

Brunt, following Taylor and others, assumes that at the ground
the up-gradient of velocity is in the direction of motion. In
theory this condition is applied at the surface, but in practice z=0
is taken to be some indefinite height “ near the surface.” This is

equivalent to applying at a height near the surface the determin-
ing condition that there the up-gradient of velocity is in the direc-
tion of motion.

Three objections may be raised to these conditions:

—

1. They are based upon an assumption which certainly does
not always hold. Richardson (3) for instance gives a
number of examples showing that the stress on the
ground has a direction differing from the wind near the
surface.

2. The height at which they are applied is too indefinite.

This objection is important since the velocity changes
rapidly near the surface.

3. It is now known that near the surface the eddy dif-

fusivity decreases rapidly in disagreement with the
assumption used in solving the equations.

An improvement would therefore be made if a condition for
determining the constants could be found which was applicable
at a definite height and required no additional assumption regard-
ing frictional forces. It would be a further gain if this height
were such that the condition as to constancy of eddy diffusivity

was approximately fulfilled. Equation D leads to the following:
result :

—
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Referring to the explanatory diagram, Fig. 2, OG represents

the geostrophic velocity along OX, and OE the vector velocity W.
It has been pointed out that as W varies with height the solution

indicates that the end of the vector GE traces out an equiangular

spiral. Now if at any height zv the vector representing the wind
is a tangent to that spiral,

_

then at that height the direction of

shear is in the direction of motion. The usual conditions will then

be applicable at z 1? no additional assumption being needed. Since

Brunt used the same conditions for different reasons as applying

at the surface, his results can be used by substituting z— z
x for

his z. Hence the final solution is (2)—
W - G = /•2Gsir]6>1e-

B(z-z
1)+i[|9i+l

7r-B(^-zi)]
. . E

and at z lf the well-known relation holds

yu 2 +v2=V=G(cos0 1
-sin0

1 ) F
0

1
is the deviation of the wind from the geostrophic direction at

the height Zj.

The value of K may be obtained from the wind data by the use

of the formula

<r.V+®
dv

B 2=
<{
(G - V) 2 + 2G(V-u) j>

G

This follows immediately from equation D, and the constancy

of G and K is therefore assumed. For the intervals 50-150

metres, and 150-300 metres, the magnitudes of K were found to

be 3-1.104 and 3-7.104 respectively. Beyond that height reliance

cannot be placed on the results as the quantities involved become
too small. With the same assumption that G and K are constant,

the latter can also be obtained from the relations given by
Taylor (4)—

BH d=|7r+0 1
H

BHv ( 1 -f- tan^ 1
)cosBH v— (1 — tari^

1
)sinBHv

j
tan0

1 )

where
Hd=height at which the geostrophic direction is reached.

H v=height at which the geostrophic velocity is reached.

For the winds dealt with here Hd=825m, H v=340m, ^
1
=18*6°.

The resulting values of K are 4-8.104 and 4-2.104 respectively.

The eddy diffusivity thus appears to be approximately constant

over the range of height considered and a good average value is

4Q.104
.

Theoretically, since 0
X

is the maximum value of 0, the deviation

from the geostrophic direction, it should be possible to determine

and consequently z 15
directly from the observations. Since

0
l

varies very slowly with height near z 19 and owing to various

sources of irregularity, the results so obtained would be rather

indefinite. The approximate value of 0
1 from the observations

is 18-6°. Now it can be shown that

9
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Angle OGE (Fig. 2) = B(z—

z

x
)— O^ttj 4

Hence knowing 6
lf z

x can be computed from the observations at
various heights. Using the above approximate value of 0

±y we
•obtain the following results :

—

z = 50 150 300 450 750 metres.
z

3
=54 40 15 34 80 metres.

These give a mean value of 45 m. for z
x

.

The value 50 m. will he adopted for zr It is near that deter-

mined above from the 50 m. observations for which the probable
error is least, and also near the mean value. Furthermore it is

the height at which 0
X

is a maximum and the equation F is ful-

filled by the observations at that height. At 50 m. above the
ground the effect of the decreasing eddy diffusivity will be less

than at the lower heights usually taken as “ near the surface/’

We now have for the theoretical distribution the constants

—

^
1 = 18'6°, z

x= 50 m., G=8-9 m/s and K = 4*0.104
.

The values of V and 0 derived from equation E are shown
for stated heights in Table I. and graphed in Fig. 1 along with
the actual winds, with which they are in remarkable agreement.
Most of the calculations in this paper were made with a M.O.
Pilot Balloon Slide Rule.

In conclusion I wish to thank Mr. H. A. Hunt, Commonwealth
Meteorologist, for facilities for writing this paper.

REFERENCES.
1. Dictionary of Applied Physics, iii., p. 33.

2. D. Brunt. Internal Friction in the Atmosphere. Q.J. Roy.
Met. Soc. xlvi., pp. 176-177, April, 1920.

3. L. F. Richardson, Weather Prediction by Numerical Pro-
cess, p. 84. Cambridge University Press, 1922.

4. G. I. Taylor. Eddy Motion in the Atmosphere. Roy. Soc.

Phil. Trans. A, ccxv.


